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The Shor t  Course i n  Medical Gene t i c s  f o r  1972, h e l d  a t  t h e  
Jackson Laboratory from 31 J u l y  through 11 August, w a s  t h e  l a r g e s t  
and by g e n e r a l  consensus " t h e  b e s t  ye t . "  Th i s  was t h e  13th annual  
cour se  i n  g e n e t i c s  a t  t h e  Laboratory,  t h e  1 0 t h  i n  medical g e n e t i c s .  
The cour se  w a s  conceived i n  1959 and f i r s t  conducted i n  1960. Dur- 
i n g  t h e  p a s t  y e a r  a n  account  of t h e  cour se  was publ ished i n  Science 
(19 May 1972, p. 820-821; see Appendix 6 ) .  On t h e  l a s t  evening of 
t h i s  y e a r ' s  cour se ,  D r .  V .  A. McKusick, course c o - d i r e c t o r ,  gave 
an i l l u s t r a t e d  survey of t h e  h i s t o r y  of t h e  course.  

The 1972 cour se  was a t t e n d e d  by 113 s t u d e n t s ,  35 f a c u l t y  
members, and 12 s c i e n c e  writers. The background of t h e  s t u d e n t s  
w a s  as d i v e r s e  a s  ever .  The group included p e d i a t r i c i a n s  (Degnan, 
Duncan, F a l l e t t a ,  Glorieux,  Sass-Kortsak, T i p t o n ) ,  de rma to log i s t s  
(Brodin, Muller ,  O'Keefe), p a t h o l o g i s t s  (Ahern, G i l l ,  Pa lu tke ,  
S p e a r ) ,  g a s t r o i n t e r o l o g i s t  (B inde r ) ,  ophthalmologis t  (Macrae) , a 
r a d i o l o g i s t  (Dorst)  , a n  obstetrician-gynecologist (Dunn) , a neurol-  
o g i s t  (Harla.n), and a n  immunologist (Levy). The s t u d e n t s  ranged 
from medical s t u d e n t s  (Bieber ,  Keene, Stokes)  t o  department c h a i r -  
men (Dunn, G i l l ,  T a l l a l a y ) .  Many of t h e  " s tuden t s "  t each  human 
g e n e t i c s  a t  t h e  u n i v e r s i t y  level:  e .g . ,  B a i l i n ,  Dar l ing ton ,  Dan ie l ,  
F r i e d l a n d e r ,  N e w e l l ,  Tegenkamp, Champlin. A c o n s i d e r a b l e  number of 
s t u d e n t s  came from Canada, and one 'each came from Peru and Germany; 
a l l  t h e s e  persons came t o  t h e  United S ta t e s  expres sed ly  t o  a t t e n d  
t h e  course.  

The f a c u l t y  from Johns Hopkins and from t h e  Jackson Laboratory 
had somewhat t h e  same composi t ion as  i n  r e c e n t  y e a r s .  The g u e s t  
l e c t u r e r s  ( i .e . ,  non-Johns Hopkins o r  non-Jackson Laboratory f a c u l t y )  
included D r .  Park Gerald who h a s  t h e  unique d i s t i n c t i o n  of having 
been a f a c u l t y  member f o r  each of t h e  10 y e a r s  of t h e  medical g e n e t i c s  
course.  The o t h e r s  included D r s .  Howell, L i t t l e f i e l d ,  Renwick, Ruddle, 
Mil ler ,  S c r i v e r ,  and Su t ton .  This  w a s  t h e  f i r s t  y e a r  f o r  t h e  l a s t  
three, a l though  S c r i v e r  w a s  a s t u d e n t  i n  t h e  cour se  i n  a n  e a r l i e r  year .  

A p a r t i c u l a r l y  e x c i t i n g  new a s p e c t  of t h e  cour se  i n  1972 w a s  
the p r e s e n t a t i o n  of i n fo rma t ion  on t h e  new chromosome technology, 
i.e., f l u o r e s c e n t  s t a i n i n g ,  G i e m s a  banding, and heterochromatin s t a i n -  
ing.  Tne i r  a p p l i c a t i o n  t o  i d e n t i f y i n g  chromosomes and p a r t s  of 
chromosomes of mouse and nzn f o r  a n a l y s i s  of rearrangements  and f o r  
assignment of l i n k a g e  groups t o  s p e c i f i c  chromosomes was desc r ibed .  
The methods i n  t h e  a n a l y s i s  of i n v e r s i o n s  i n  m i c e  and men w a s  d i s -  
cussed by D r .  Roderick; D r .  E i che r  d i scussed  t r a n s l o c a t i o n s .  Assign- 
ment of genes t o  s p e c i f i c  chromosomes i n  t h e  mouse was d i scussed  by 
D r .  Miller, and i n  man by D r .  Ruddle. 

D r .  Renwick d i s c u s s e d  l i n k a g e  by ped ig ree  s tudy.  The p r e s e n t  
s t a t e  of t h e  map of human chromosomes w a s  assembled, based on t h e  
combined approaches of ped ig ree  s tudy and c e l l  h y b r i d i z a t i o n  ( s e e  
Appendix 4 ) .  The p rogres s  i n  t h e  mapping of Chromosome 1 i s  note-  
worthy. S e v e r a l  of t h e  chromosome assignments achieved by c e l l  
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h y b r i d i z a t i o n  need c l a s s i c a l  pedigree  s t u d i e s  i n  order  t o  determine 
t h e  i n t e r v a l  s e p a r a t i n g  l o c i  on t h e  same chromosome. Fox example, 
adenine  phosphor ibosy l t r ans fe ra se  , which has  been ass igned  t o  Chromo- 
some 16, occurs  i n  a polymorphtsm of h e c t - r e s i s t a n t  and h e a t - s e n s i t i v e  
forms, and mapping of i t s  p o s i t i o n  r e l a t i v e  t o  t h a t  of t h e  hap tog lob in  
locus  shouldbe f e a s i b l e .  

Afternoon workshops i n  t h e  new cy togene t i c  techniques supple-  
mented t h e  l e c t u r e s .  Two o t h e r  workshops, one on biomedical  sc reen-  
i n g  and one on s t a t i s t i c a l  methods, were o f f e red .  Drs. Howell, 
S c r i v e r ,  and Thomas were i n  charge  of t h e  screening  workshop, a t  
which D r .  Holtzman gave a v a l u a b l e  d i s c u s s i o n .  P a r t  of D r .  Abbey's 
d i s c u s s i o n  of p r o b a b i l i t y  d e a l t  w i th  t h e  Bayesian ques t ion :  "What i s  
t h e  l i k e l i h o o d  t h a t  d i s e a s e  A i s  p r e s e n t  g iven  a p o s i t i v e  tes t?"  One 
of t h e  s t u d e n t  papers  (R. Gold) d e a l t  w i t h  tests f o r  recogniz ing  t h e  
he t e rozygo te  by making u s e  of two t e s t s .  

One of t h e  s t u d e n t  papers  (H. Golomb) d e a l t  w i th  e l e c t r o n  micro- 
scopy and cy togene t i c s  and t h e r e f o r e  f i l l e d  a gap which had been l e f t  
earlier between t h e  Watson-Crick molecule  and t h e  chromosomes a s  
seen wi th  t h e  l i g h t  microscope. 

D r .  Abbey's p r e s e n t a t i o n  was organized i n t o  c o n s i d e r a t i o n  of 
four  l a w s  of p r o b a b i l i t y .  D r .  Murphy's d i s c u s s i o n  of popula t ion  
g e n e t i c s  concerned i t s e l f  w i t h  t h r e e  laws: (1) t h e  Hardy-Weinburg 
Law, (2) t h e  Dahlberg Law, and ( 3 )  t h e  Haldane Law. D r .  Murphy played 
a r eco rd ing  of a s t a t i s t i c a l  o p e r e t t a  w i th  words composed by hjm and 
sung by D r .  Chase t o  t h e  music of G i l b e r t  and S u l l i v a n ' s ,  "He i s  t h e  
v e r y  model of a modern major genera l . "  The 18 o r  s o  s t a n z a s  covered 
t h e  whole range  of popu la t ion  g e n e t i c s  and s t a t i s t i c a l  g e n e t i c s ,  i n -  
c lud ing  l i n k a g e  a n a l y s i s .  It w i l l  probably become a minor c l a s s i c .  

Immunogenetics was r e p r e s e n t e d  by t h e  H-2 s t o r y  i n  the  mouse 
t o l d  by D r s .  S n e l l  and Ba i l ey  of t h e  Jackson Labora tory ,  t h e  p a r a l l e l  
HL-A s t o r y  i n  man t o l d  by D r .  B ia s ,  and the  g e n e t i c s  of t h e  immuno- 
g l o b u l i n  reviewed i n  a p a r t i c u l a r l y  l u c i d  manner by D r .  D i n t z i s .  
C u t t i n g  through the  j a rgon  w i t h  which t h e  f i e l d  has  become enc rus t ed ,  
he compared t h e  immunoglobulin molecule t o  a l o b s t e r  ( a p p r o p r i a t e  
f o r  a course  i n  Bar Xarbor) . 

What was no t  inc luded  i n  t h e  1972 cour se  i s  a l s o  of i n t e r e s t .  
For example, blood groups w e r e  n o t  d i scussed  as such. The B O ,  
s e c r e t o r ,  L e w i s ,  and Bombay i n t e r r e l a t i o n s h i p s  w e r e  no t  reviewed. 

The immunoglobulins w e r e  d i scussed  by D r .  D i n t z i s  a s  p a r t  of 
the developmental  g e n e t i c s  program. Other p a r t s  were l i kewise  
e x c i t i n g  and inc luded ,  a s  noted on t h e  program, d e s c r i p t i o n  of methods 
f o r  c u l t u r e  and s t o r a g e  of t h e  e a r l y  embryo (Uhit t ingham),  g e n e t i c  
s t u d i e s  of t h e  e a r l y  embryo (Whi t ten) ,  and d i f f e r e n c e s  i n  enzyme 
l e v e l s  i n  t h e  developing b r a i n  of d i f f e r e n t  s t ra ins  of m i c e  (Kozak). 
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Boyer, McKusick, and o t h e r s  made t h e  p o i n t  t h a t  a l l e l i c  genes 
can  r e s u l t  i n  q u i t e  d i v e r s e  phenotypes. Although inborn  e r r o r s  of 
d i v e r s e  phenotype, b u t  w i t h  t h e  same enzyme d e f i c i t ,  may be  a l l e l i c ,  
t h e  f a c t  t L a t  many enzymes a re  now known t o  have more than one 
s t r u c t u r a l l y  d i f f e r e n t  s u b u n i t  means t h a t  non-a l le l i sm i s  p o s s i b l e  
i n  some such cases. 

Somatic c e l l  g e n e t i c s  has  e s t a b l i s h e d  i t s e l f  i n  human g e n e t i c s .  
The u s e  of c e l l  c u l t u r e  methods i n  p r e n a t a l  d i a g n o s i s  ( L i t t l e f i e l d ) ,  
i n  t h e  s tudy  of i nborn  e r r o r s  of metabolism ( s e v e r a l  s p e a k e r s ) ,  i n  
mapping t h e  chromosome through c e l l  h y b r i d i z a t i o n  (Ruddle),  and i n  
t h e  s tudy  of muta t ion  ( L i t t l e f i e l d ,  Su t ton )  was  desc r ibed  i n  apprec i -  
a b l e  d e t a i l .  

D r .  Boyer weighed t h e  r e l a t i v e  importance of s e l e c t i o n  and non- 
- adap t ive  f a c t o r s  i n  human evo lu t ion .  Likewise,  D r .  McKusick on t h e  
same evening considered t h e  a l t e r n a t i v e  p o s s i b i l i t i e s  of s e l e c . t i v e  
advantage and founder e f f e c t  or d r i f t  i n  determining t h e  h igh  frequen- 
cy of c e r t a i n  genes i n  c e r t a i n  popu la t ions ,  e.g., t h a t  of Tay-Sachs 
d i s e a s e  i n  Ashkenazim. 

On Tuesday of t h e  second week, mouse models w e r e  d i scussed  and 
a mouse c l i n i c  was conducted a t  which mutant mice were p resen ted .  
New ones included l e t h a l  m i l k ,  a syndrome probably comparable t o  
b r e a s t - f e e d i n g  hype rb i l i rub inemia  of t h e  i n f a n t  d i s c u s s e d  by D r .  Ar i a s  
d u r i n g  t h e  f i r s t  week. These a r e  g e n e t i c  d i s o r d e r s  based on t h e  
genotype of t h e  mother, no t  on t h a t  of t h e  a f f e c t e d  i n d i v i d u a l .  Thus 
t h i s  c o n d i t i o n  i s  l i k e  t h e  damage of t h e  o f f s p r i n g  of mothers w i t h  
phenylketonuria .  A newly d i scove red  X-linked dominant hypophosphatsmia 
i n  t h e  mouse was unvei led.  Th i s  i s  probably p r e c i s e l y  analogous t o  
t h e  c o n d i t i o n  i n  man. D r .  Glor ieux d i scussed  t h i s  gene-determined 
d e f e c t  i n  t h e  human d i s e a s e  i n  a s t u d e n t  paper on t h e  l a s t  day of t h e  
course.  
imp l i e s  t h a t  t h e  X-linked m t a t i o n  may b e  among t h e  most u s e f u l  
animal models of human g e n e t i c  d i s e a s e .  The t e s t i c u l a r  f emin iza t ion  
syndrome i n  mice i s  a good case i n  p o i n t .  
p o r t i o n  of new muta t ion  cases, and Lyonizat ion i n  he t e rozygo tes  have 
n o t  served t o  e s t a b l i s h  X-linked recessive i n h e r i t a n c e  as opposed t o  
m a l e - l i m i t e d  a u t o s m a l  dominance i n  man, t h e  mouse mcdel i s  so c l o s e  
t o  t h a t  i n  man p h y s i o l o g i c a l l y  (Go lds t e in  and Wilson. 1972. J .  C l i n .  
Invest. 5 1 : 1 6 4 7 ) ,  and Ohno's Law i s  now supported by so many examples, 
t h a t  X-linked r e c e s s i v e  i n h e r i t a n c e  seems almost  c e r t a i n .  I s o l a t e d  
growth hormone d e f i c i e n c y  i s  ano the r  newly recognized m o u s e  mutation. 
Previous p i t u i t a r y  dwarfism i n  t h e  mouse h a s  been  panhypopi tui tar ism.  

- 

Ohno's Law of t h e  evo lu t iona ry  conversion of t h e  X chromosome 

Although l i n k a g e ,  pro- 

D r .  Lambdin a g a i n  arranged t h e  medical g e n e t i c s  c l i n i c  which w a s  
h e l d  on Thursday a f t e r n o o n  of t h e  second week. 
pared f o r  p r e s e n t a t i o n  and d i s c u s s i o n ,  10 appeared. The c a s e s  were 
p resen ted  by s t u d e n t s  of t h e  cour se  from Johns Hopkins who had had 
an oppor tun i ty  t o  examine t h e  p a t i e n t s  p r i o r  t o  t h e  c l i n i c .  A d iagnos i s  
of pseudo-pseudo-hypoparathyroidism w a s  made i n  t h e  case of a 5-year-old 

O f  t h e  15 c a s e s  pre-  
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g i r l  w i th  s h o r t  s t a t u r e ,  full-moon f a c i e s ,  eceopic  c a l c i f i c a t i o n ,  
and s h o r t  metacarpa ls  and m i l a t a r s a l s .  Two "new" syndromes were 
mani fes ted  by two s i s t e r s  i n  one family and a s i n g l e  c a s e  wi th  
kinky h a i r  a s  a l ead ing  f e a t u r e  i n  t h e  second. D r .  Lambdin sug- 
g e s t e d  t h a t  t h e s e  may r e p r e s e n t  t h e  same d i s o r d e r s  a s  t hose  re- 
p o r t e d ,  r e s p e c t i v e l y ,  i n  Am. J. Diseases  of Chi ldren  124:11, 1972  
and P c d i a t r j c s  49:6,  1 9 7 2 7  The 12-year-old s i s t e r  of a n  18-year- 

----I_ 

-old g i r l  w i th  c e r e b e l l a r  a t a x i a ,  seen  a t  Johns Hopkins s e v e r a l  
times i n  t h e  p a s t ,  has  begun t o  show s i g n s  of t h e  d i s o r d e r .  This  
sugges t s  a r e c e s s i v e  form. 

D r .  Renwick on Tuesday n i g h t  of t h e  second week, introduced 
a d i s c u s s i o n  of environmental ly  induced b i r t h  d e f e c t s ,  namely d a t a  
b e a r i n g  on t h e  p o t a t o  b l i g h t  a s  a cause  of anencephaly,  sp ina  b i f i d a ,  
and meningoencephalocele. This  provided a good ba lance  t o  t h e  g e n e t i c  
d i s c u s s i o n s .  It reminded us  t h a t  g e n e t i c s  i s  t h e  s c i e n c e  of v a r i a t i o n  
and t h a t  t h e  g e n e t i c i s t  must keep non-he r i t ab le  causes  of v a r i a t i o n  
i n  view. 

E x c e l l e n t  u s e  was made of handouts.  r e f e r e n c e  l i s t s ,  techniques 
f o r  new chromosome s tudy ,  p r e p r i n t s  of t h e  P a r i s  Chromosome Standard-  
i z a t i o n  Conference,  e t c .  The l i b r a r y  of t h e  course  h a s ,  u n f o r t u n a t e l y ,  
become o b s o l e t e ,  b u t  s t u d e n t s  and s ' t a f f  rnade s p e c i f i c  proposa ls  f o r  
b r i n g i n g  i t  up t o  d a t e .  
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